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Various Event Rates

Physics

Rate/rookT/yr

Energy Range

1 MW, 120 GeV
FNAL Beam

~30000

0.5-10 GeV

Proton decay

1 GeV

Atmospheric nu

1-100 GeV

Solar nu_e

>5 MeV

Supernova at

10kpc

>5 MeV

Relic Supernova

15-2§ MeV
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Cosmic Muons

Depth (mwe)

Rate (Hz)

Spallation (Hz)

O

soo kHz

8.5 kHz

205

3 kHz

50 Hz

400 Hz

7 Hz

s Hz

o.1Hz

531z

0.022Hz

0.6 Hz

0.010 Hz

0.26 Hz

0.0044 Hz

0.09 Hz

0.002 Hz
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Spectra FNAL to DUSEL (WBLE:wide band low energy)
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e 60 GeV at odeg: CCrate: 14 per (kT*10"20 POT)

e 120 GeV at 0.5deg:CCrate: 17 per(kT*10"20POT)
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. 7
Key Event Rate in 100k T*MW*10
5.2e20 POT @ 120 GeV
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‘_ Electron neutrino abbearance sbectra
sin” 26015 = 0.04, 300kT WCe. , WBLE 120 GeV, 1300km, 30E20 POT.

*All background
sources are included.
*S/B ~ 2 in peak.

*NC background
about same as beam
nue backg.

*For normal hierarchy
sensitivity will be from
neutrino running.
*For reversed
hierarchy anti-neutrino
running essential.
*Better efficiency at
low energies expected

with higher PMT
counts.

Events/0.25 Gevy

Events/0.25 GeY

JD)

’ —5c;p — +4F'

Normal

Reversed

v running, 1300km, 30 10*° PoT
ang,,, =8.6107 427107 eV
SIN' 26,4, 54 4y = 0.86,1.00,0.04

a0

80

70

60

50

40

signal + background:
— =45 (F02.5 evts)
} G +0°(807.3 evts)
Ge=-45" (9335 evts)
background:

W all (4147 evts)

%ﬁ beam « {196.4 evts)

neutrino

7 running, 1300km, 30 10*° PoT
ang, ., =86107% 427107 eV
T sin’ 2 = 0.86, 1.00, 0.04

B(lz,zs,n;

signal + background:
— g +45 (366.2 evts)
} G +0"(341.8 evts)
Ger-45"(311.2 ents)
backgrouwnd:

&S all (201.1 evts)

% beam , (120.6 evts)

neutrino

10

C v running. 1300km, 30 10°° PoT
- anf,,, -86107°-2710"eV

E it 2, = 0.86,1.00, 0.04

e e e

signal + backgrownd:
— G5 (536.0 evis)
{ § +0'(607.0 evis)
=45 (667.6 evis)
background:

D all 4185 evts)

%ﬁ beam «, (199.3 evis)

i o T

[ % running, 1300km, 30 10°° PoT

- -5 -3
—anf,, -86107-27107eV

Sif 28, 544y = 0.86, 1.00, 0.04

i

signal + background:
— g +45"(492.8 evts)
* G ' (4490 evts)
G- 45" (394.9 evis)

background:

Q& all (200.2 evts)
%ﬁ beam +, {119.3 evts)




Amount of signal

Water Cherenkov spectrum

5 M eV — 2 5 P. e . . Normalized Spectrum

1 GeV Mu after 25 m of water

for 25% coverage with
20 % Q.E.
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Muon Pattern

x~1 m
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dA~13deg ax
dX ~2.2cm
Multiple scattering limit is ~| 2 deg

For average light path length of 25 m =>
~50 cm spacing between tubes is sufficient.




Timing requirement

dT_dispersion ~ 3 ns
(over 50 m)

\\\\\\\“CTI
T1-T2 ~(1-n) 40/c ~0.5ns ~ ~s (TZ

® Need to separate showers. Shown to work
statistically, but can be improved.
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MEGATON MODULAR MULTI-PURPOSE NEUTRINO DETECTOR

v' Chamber Design

180" (SSM) Mined outside
1747 (53M> Finished Inside RAMP CROSSCUTS INTO TANK

DIAMETER EVERY 20 VERTICAL FEET

50 BETWEEN < <

TANK AND RAMP_ // ™\ R

/BDQEHDLE IN
. \

RAMP, 1243 \
@ -14% GRADE

Cable bolt 60 fT long
on a 8'x8" pattern
Could use Instrumented Cables :

for Engineering / Geotechnical

\

— ==
— =

Study

VENTILATION

VENTILATION
SIDE VIE

Mark A. Laurenti (Former Homestake Chief engineer) November 2007




MEGATON MODULAR MULTI-PURPOSE NEUTRINO DETECTOR

v Modular Configuration muon rate/cavern 0.1-0.3 Hz

(ATES FORMATION

180 ft dia

Rock removal at 5000L (new)

Parallel Access tunnel at 4850L (new)

Mark A. Laurenti November 2007




| Water Cherenkov Detector

vk

Kamiokande
1 kton

Super-Kamiokande
22 ktons

| module fid: 100 kT

300 kT



Wter Cherenkov Detector
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P.S.L.
DUSEL LBL=WC
DETECTOR LAYOUT
12—-1-08




The best shape and the most favorable orientation:

0,>0,>03 = H>L>W = a>b>c
o, dip dir Plan view

o, vertical

o5 strike - o
o, dip dir

ELLIPSOID

H>L>W LW = 167 05 strike

Hladysz



Yates shaft

orientation: Alternative 1 — ellipsoid

Ross shaft

#6 shaft




PMT R&D

® |ssues are: making 150000 tubes in 6 years
time, their efficiency, and their pressure
performance.

If PMTs can stand higher pressure, the

cavern can be taller => more fiducial
volume.

Have had meetings with Photonis and
Hamamatsu: no barrier to PMT production
except money.




PM'TT considerations
10 inch R7081 20 inch R3600

Number (25% cov) ~50000 ~14000
QE 25% 20%
CE ~-80% ~70%

rise time 4 ns 10 NS

Tube length 30 cm 68 cm
Weight 1150 gm 8000 gm

Vol. -5 1t ~50 It
0.6Mpa

pressure rating 0.7Mpa

+ coverage/pmt 0.6 deg 1.1 deg

«granularity 1.0 deg 2.1 deg
I 3), 9Mca of BROOKHFPAJEN

‘d Science M.Diwan NATIONAL LABORATORY

u. EPARTMENT OF ENERGY




PMT: further choice

ltems Example R7081 R5912
12-inch PMT 10-inch PMT 8-inch PMT
Diameter 300 mm 253 mm 202 mm
Effective Area 280 mm min. 220 mm min. 190 mm min.

Tube Length 330 mm 245 mm 220 mm

Dynodes LF/10-stage LF/10-stage LF/10-stage
Applied Voltage 1500 V 1500 V 1500 V
GAIN 1.00E+07 1.00E+07 1.00E+07

T.T.S.(FWHM) 2.8 ns 2.9 ns 2.4 ns
P/V Ratio 2.5 2.5 2.5

Dark Counts 10,000 cps 7,000 cps 4,000 cps
NEW!
HAMAMATSU

HAMAMATSU PHOTONICS K.K. Electron Tube Division

76 > Office of BROOKHEAVEN
gh : A
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Developmental Plan for 12 inch PMT Date : August 6, 2008

2009
2008 JAN | FEB | MAR | APR | MAY | JUN DEC | JAN | FEB

Simulation
Electron | Basic Design Feedback Check
Trajectory

PMT
Design

Electrode

Design Practical Design

Glass Bulbs Initial conditioning is

Material Electrodes done during this peri

Preparation
Insulating Plates /

Production for :L
Prototypes

Various

Inspection Tests

Sample

Delivery Tubes

Some sample tubes would be available in FEB. 2009.
We need 6 months for preparation of mass-production version.

HAMAMATSU

HAMAMATSU PHOTONICS K.K. Electron Tube Division

’ | H
P 0) Office of : BROOKHFIVEN
Science M.Diwan NATIONAL LABORATORY

U.S. DEPARTMENT OF ENERGY




Tube production

Glass Stamped metal and wire parts

First assembly

vacuum deposition of metal platings
Graded seal /

/ Final assembly of 10 inch

tubes needs lab space of 30’x30’;
six stations with 6 pmts/station;

1 full day => 36tubes/day =

HPK and Photonis are icecube production.
NOT concerned about tripling this rate is not difficult
their ability to

Offic
2 Sokak eture at this rate  MDiwan BROOKHRATEN

Final vacuum
Cathode deposition




Example data R7081 (10 mch)

40

High QE Type
35 —Chuarmpiv 12

35% at 380 nm 19 " samples:22 pes
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Copyright © Hamamatsu Photonics K.K. All Rights Reserved.
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78 high quantum efficiency 10”"PMT
successfully tested for use in IceCube

More than 4000 sensors with standard g
10” PMT (R7081-02) integrated and Sl o
tested in IceCube R —

Flasher

78 high quantum efficiency PMT (10”) = 2= e
tested with IceCube standard P> =

production test program. =

Result: i
Tl | ey

Quantum efficiency ~38% higher (405
nm, -40C)
No problems found

Low temperature (-40C) noise behavior
scales with quantum efficiency as
expected.

Plan to use high QE PMT on 6 Deep
Core strings for enhanced sensitivity at
low energies (<100GeV, dark matter)

Sensors already at the South Pole

i e'\,"“ Mu-metal

> A. Karle, UW-Madison r ‘ = e EN
u% Science M.Diwan NATIONAL LABORATORY

U.S. DEPARTMENT OF ENERGY




Baseline Plan

e The Baseline plan is R7081 with
25%cov*25%QE(Learned recently that high QE

can be made at same rate).

e The correct number to look at is
Coverage*QE*Collection eft.

e We will need 50000 to 70000 per chamber
depending on shape to obtain similar amount of
light collection as SK.

e R7081 has been used by Icecube. There is also
production for other projects.

e Only issue for us is pressure performance.
b5y Yca of BROOKHEVEN

AJ Science M.Diwan NATIONAL LABORATORY
NT OF ENERGY
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What kind of information !

Pressure at implosion

Implosion process. (fast motion
movie), photos

Pressure pulse
Pressure History of 6 R7081 Tests

All break
same way

400

300 |-

£ 200

Breakage
at pins

1000 1200 1400




What kind of information !

Pressure at implosion

Implosion process. (fast motion
movie), photos

Pressure pulse
Pressure History of 6 R7081 Tests

All break
same way
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What kind of information ?

Pressure at implosion

Implosion process. (fast motion
movie), photos

Pressure pulse
Pressure History of 6 R7081 Tests

All break
same way

400 ——
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Typical R7081 (ta3085 at 13.4 bar (194 psi))

Pressure Versus Time at Implosion

/)
U

-0.605 $ 0.(2;05

dome failure

— rise ~1.5 ms
V4

ressure (PSI)

Change in
Pressure Max 2507

-350 long fall (>100ms) due to readout and
reflections

Time (sec)

No shock wave because

sensor at 40 inch
tank too small




another example (not




Organization

The beam and the water Cherenkov detector
are an exercise in organization and planning.

There have been |0 meetings of an interim
executive board (more about this later)

Two documents have been commissioned.
(Depth paper and white paper)

There have been several meetings at FNAL and
Lead http:/inws.phybnl.gov/DDRD/cgi-bin/private/ListAllMeetings

® [here is an Institutional Board.

Qé i BROOKHEUEN

SCJence NATIONAL LABORATORY

TMENT OF ENERG



http://nwg.phy.bnl.gov/DDRD/cgi-bin/private/ListAllMeetings
http://nwg.phy.bnl.gov/DDRD/cgi-bin/private/ListAllMeetings

Funds

e Ps5 report and associated reports from various
panels (NuSAG, NSF DUSEL selection panel, and

others) very important.

e Initial guidance is CDo in Dec. 2008 and CD1 in
late 2000.

e This is to allow funds from DOE to flow.

e 4 avenues for funds: NSF regular, Sep 2008, DOE
program money, NSF S4 money.




Duration 2008 2009 2010
Activity Name Work Start Date  Finish Date
Days) Fourth Quarter First Quarter Second Quarter Third Quarter Fourth Quarter First Quarter
External Reviews 30200 11/13/08  1/11/10
cDo 0.00 112/09  1/12/09 @
NSF DUSEL facility 0.00 1/29/08  1/29/09 .
DOE presentation 000 | 1/15/09  1/15/09 O
HEPAP Meetings 000 | 11/13/08  11/13/08
B 0.00 3/2/09 | 312109 . @ @ (@]
0.00 7/1/09 711109
0.00 117209 | 11/2/09
D1 0.00 111/10 | 1/11/10
Internal Reviews 28500  11/3/08  12/7/09
FNAL PAC 000 | 11/3/08  11/3/08
BNL PAC 0.00 6/22/09  6/22/09 .
BNL Detector Management 0.00 6/8/09 6/8/09 @
BNL director's review 0.00 12/7/09  12/7/09 .
Collaboration Meetings 25200  10/14/08 10/1/09 *
Executive Meetings 0.00 | 10/31/08  10/31/08
. 000 | 11708 | 117708 MV W
0.00 | 11/14/08  11/14/08
000 | 11/21/08  11/21/08
0.00 12/5/08  12/5/08
0.00 | 12/12/08  12/12/08
000 | 12/19/08  12/19/08
0.00 1/9/09 1/9/09
0.00 1/16/08  1/16/09 discuss S4
Institutional Board Meetings |~ 0.00  10/30/08  10/30/06 ASCUSS miestones
Elect I8 chair
discuss vision
Collaboration Geo-board 000 | 10/28/08 10/28/08 ),
0.00 1174/08  11/4/08
000 | 11/11/08 | 11/11/08
000 | 11/16/08  11/18/08
Technical Board
000 | 10/14/08  10/14/08
F“" Conwm mmn‘ nm Ii)ﬂ’l“ dum ' v v v
m"‘ents 299.00 10[.’“ nllm W
Mission statement 000 | 10/20/08 10/20/08 | g
Depth Paper 0.00 11/17/08  11/17/08 m
White paper 0.00 | 12/15/08 @ 12/15/08 ]
CDO cost estimate 0.00 1271108 12/1/08 [m]
~ Physics Design Report 000 | 4/30/05  4/30/09 ror .
_ [Proposal
Conceptual Desion Report 0.00 12/1/08  12/1/09 o
&m«hw Documents 256.00 | 11/7/08 { 10/30/09 —
CDO design and cost 0.00 12/8/08  12/8/08 o
input to the depth 000 | 11/7/68 | 11/7/08 0
MTSWGS 19300 1/2/09 10/5/09 = —
~ RFPforcoring at4850 | 000 | 17/09  1/7/09 ]
‘Report after 4850 access 000 | 8/3/09 8/3/09 g ' ) o
Report of mapping 0.00 9/3/09 9/3/09 ]
Report after coring 000 | 10/5/09  10/5/09 m
Excavation Design 19600  1/30/09  10/30/09 .
Summary report on global 000 | 1/30/09  1/30/09
experience in hard rock [m]
_ cavemns
Rock Quality assesment 0.00 9/4/09 9/4/09 o




Conclusion

e A 300kT detector at a good depth is well justified for
accelerator neutrino physics.

e If built in the USA it has unique and complementary physics
capability in the world due the length of the baseline.

e A conventional beam from FINAL to Homestake lab. is
going through an examination by a technical working group.

e Excellent sensitivity for 013 and mass ordering and CP
violation. Non-accelerator physics additional.

e The caverns built could house different technology: better
PMTs, Liquid Scintillator, Liquid Argon ...
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